To justify the technique of biliary reconstruction without mucosa-to-mucosa alignment for reconstructing the caudate lobe bile duct.
Results
In 8 of the 19 patients who received LHGCs, nine bile ducts of the caudate lobe (median 1 mm) were reconstructed. After surgery there was no bile leakage. In five of the eight patients, the tubes were removed a median of 92 days after transplantation. Bile duct dilatation had not been observed at a median of 363 days after surgery.
Conclusions
The authors consider their technique of biliary reconstruction without mucosa-to-mucosa alignment useful for the safe reconstruction of small bile ducts of the caudate lobe.
Small-for-size grafts present clinically serious problems associated with postoperative hepatic failure in living-related liver transplantation (LRLT), particularly in adults. To resolve this problem, several surgical techniques have been developed, which include auxiliary partial orthotopic liver transplantation 1,2 and LRLT, using a right hepatic lobe graft [3] [4] [5] or a left hepatic lobe graft with the caudate lobe (LHGC). 6 We introduced the LHGC technique in our department in June 1998. 7 Since then we have faced the surgical necessity of reconstructing small bile ducts of the caudate lobe. In this report, we describe our technique for reconstructing such small bile ducts of the caudate lobe in LRLT.
PATIENTS AND METHODS

Patients
We performed LRLT using an LHGC in 19 patients between June 1998 and January 2000. The median patient age was 50 years (range 14 -64). Primary biliary cirrhosis was diagnosed in nine patients, liver cirrhosis in three, and biliary atresia in two. The remaining five patients had other diagnoses. The donors included eight children, five parents, three brothers or sisters, and three spouses. Their median age was 41 years (range 20 -57).
Surgical Technique
The surgical procedure for LRLT using an LHGC has already been described in detail. 7 Briefly, the left portal vein is isolated at the bifurcation and its transverse portion is left undissected to preserve the branches to the caudate lobe. After dividing the left caval ligament, the caudate lobe is liberated from the vena cava with preservation of its thickest drainage vein. Under right-sided vascular occlusion, hepatic parenchymal transection advances along a plane placed 1 cm to the right of the middle hepatic vein and is finally directed to the center of the vena cava. A catheter is inserted into the cystic duct, and intraoperative cholangiography is performed. The division point of the left hepatic duct is chosen as close to the bifurcation as possible on the basis of the cholangiographic findings. The left hepatic duct is divided and the LHGC is harvested with division of the vessels at their origins.
The recipient receives the graft orthotopically. A cavotomy is made on the vena cava to which the hepatic venous branch of the caudate lobe is anastomosed in an end-to-side manner. The middle-left hepatic vein, the left portal vein, and the hepatic artery of the graft are reconstructed in an end-to-end manner. The bile ducts are anastomosed to a Roux-en-Y jejunal loop. The main hepatic ducts are anastomosed to the jejunal loop with mucosa-tomucosa alignment. When small bile ducts of the caudate lobe are found to open independently in the periductal connective tissue, they are anastomosed to the intestine without mucosa-to-mucosa alignment before reconstruction of the main hepatic duct. A fine probe is inserted into the small bile duct to confirm its direction. A 1-mm-diameter catheter, inserted into the intestinal lumen from the distal part of the Roux-en-Y loop, is pulled out through a small pore of the small intestine, around which a purse-string suture is placed. While the probe is inserted in the bile duct, a purse-string suture is placed using 4-0 Vicryl around the The tube was fixed to the duct by a purse-string suture (*). A purse-string suture was also placed to fix the tube to the intestine at the insertion site and was then secured. Two sutures were placed between the periductal connective tissue and the seromuscular layer of the intestine (#) and also secured. (B) After the intestine had been moved adjacent to the bile duct, the purse-string sutures (*) were tied off one by one. The strings of the two purse-string sutures (*) were tied together. (C) The two sutures between the periductal connective tissue and the seromuscular layer of the intestine (#) were ligated and the anastomosis was accomplished.
opening. In addition, two 4-0 Vicryl sutures are placed bilaterally between the periductal connective tissue and the seromuscular layer of the intestine, and then secured (Fig.  1) . The 1-mm-diameter catheter is inserted into the bile duct and fixed in place by tying the purse-string suture. After the loop has been moved adjacent to the ductal opening, the remaining purse-string suture is tied. The strings of the two purse-string sutures are tied together, followed by ligation of the remaining two sutures. The catheter is buried by the seromuscular sutures in a Witzel-style manner. Finally, a 16F catheter is placed in the intestine to reduce intraintestinal pressure.
RESULTS
In 8 of 19 patients, nine bile ducts of the caudate lobe were reconstructed (one graft had two bile ducts of the caudate lobe). The median diameter of the bile ducts was 1 mm (range 1-1.5). The median distance between the main hepatic duct and the bile duct of the caudate lobe was 5 mm. In all cases, intraoperative cholangiography did not visualize the bile ducts of the caudate lobe. Bile leakage was not observed after surgery. Five of the eight patients had their tubes removed at a median of 92 days (range 42-185) after transplantation. Bile duct dilatation was not observed on computed tomography (CT) or ultrasound after a median of 363 days after surgery (range 300 -657). The remaining three patients died after surgery of pneumonia, sepsis, and simultaneous thrombosis of the hepatic artery and portal vein. Small bile ducts of the caudate lobe were not found in 11 patients. However, dilatation of the bile duct of the caudate lobe was observed on CT and ultrasound in one of these patients. An abscess subsequently developed that required percutaneous transhepatic drainage. The other 10 patients showed no dilatation of the caudate lobe bile duct (Fig. 2) .
DISCUSSION
Although the left hepatic duct can be reconstructed in a standard manner with mucosa-to-mucosa alignment, the same techniques cannot be applied to small bile ducts of the caudate lobe. We have already encountered this problem in reconstructing small bile ducts after extended hepatectomy with extrahepatic bile duct resection. As a result, we developed a technique of bile duct reconstruction without mucosato-mucosa alignment. 8 In this study, we have applied the same technique to our LRLT patients. As far as we know, this is the first report on reconstruction of the caudate lobe bile duct.
The bile ducts of the left caudate lobe have been reported to open to the left hepatic duct or the intrahepatic bile duct in 91 of 101 cases (90%). 9 When it opens to the hepatic duct close to the umbilical portion, an LHGC presents one bile duct opening. However, when it opens close to the bifurcation, it may have two or three bile duct openings. Whether such small bile ducts should be reconstructed is controversial. Closure of the small bile ducts is simple and easy, but it will induce atrophy of their draining area and may increase the risk of bile leakage from the cut surface of the liver. Because the purpose of our technique is to increase functional liver volume, even a small bile duct should be reconstructed to obtain better graft function. One patient, in whom a bile duct of the caudate lobe was not identified by a mass ligation of the periductal connective tissue but was subsequently found to be dilated, developed an abscess in the caudate lobe that required drainage. Also, in an immunosuppressed condition, an undrained bile duct may easily develop cholangitis and subsequently an abscess. Therefore, we believe the small bile ducts of the caudate lobe should be reconstructed to achieve good liver function of the caudate lobe.
The anastomosis of the bile duct reconstruction is, in principle, performed with knotted or continuous sutures of the whole layers of the bile duct and intestine, achieving mucosa-to-mucosa alignment. Because the bile ducts in our patients were only 1 mm in diameter, it was impossible to reconstruct them in a standard manner. Although several methods for biliary reconstruction without mucosa-tomucosa alignment have been reported, 10,11 none were adequate for our patients because the bile ducts were too small. We therefore used the technique of placing an external biliary drainage tube transanastomotically and suturing the connective tissue around the ductal stump to the seromuscular layer of the intestine. We have already used this technique for reconstructing small bile ducts after extended hepatectomy with extrahepatic bile duct resection, resulting in no anastomotic stenosis. 8 After surgery, no bile leakage was observed. The external tubes were placed for a median of 92 days before being removed. Follow-up CT and ultrasound showed that there was no bile duct dilatation of the caudate lobe. CT also showed enlargement of the left cau- date lobe (data not shown). 7 Therefore, our technique guarantees complete regeneration of the caudate lobe.
In conclusion, our technique of biliary reconstruction without mucosa-to-mucosa alignment is considered useful for safe reconstruction of small bile ducts of the caudate lobe, helping to overcome the problem of a small-for-size graft in LRLT.
